Had abnormal Hb genotype. Prevalence of severe malaria in children with abnormal Hb was 20/24 (83.3%) as against 58/68(85.3%) observed in those with HbAA. Significantly fewer incidence of heavy malaria parasitaemia (3+ and 4+) was observed in children with abnormal Hb genotype. Heavy parasite density was the most important features of severe malaria in children with HbAA (p= 0.013) as against altered sensorium, prostration, and haemoglobinuria in children with abnormal Hb genotype (p = 0.003, 0.041, and 0.023 respectively). Children with HbAA were also about 3 times more likely to die from severe malaria (p = 0.567, O.R = 2.96) when compared with their counterparts with abnormal Hb. Conclusion: Study supports a higher prevalence of severe malaria in children with HbAA when compared with those with abnormal Hb genotype. Altered sensorium, prostration and haemoglobinuria were the significant presenting features of severe malaria in children with abnormal Hb genotype in this study.
Introduction
More than 300-500 million people suffer from malaria annually; of which two million deaths occurs. [1] [2] [3] [4] About 90.0% of all malaria related deaths in the world today occur in Africa, and these deaths occur in children under the age of five years. [2] [3] This is because majority of the infections in Africa are caused by Plasmodium falciparium, the most dangerous of the four Plasmodium species [2] [3] . Among the unprotected children in rural areas of Southern Nigeria, the infection rate rises rapidly from 0. 2.0% during the first three months of life to about 50.0% by the age of one year and persists at a high level during childhood. 5.6 In Benin City, Nigeria 69.0% of Under-5s who had fever without specific localizing signs of infection were found to have malaria. 6 A major phase in malaria parasite life cycle is red blood cell invasion and multiplication, 7 consequently leading to red blood cells destruction. However host immunity and types of haemoglobin (Hb) genotype have been found to be crucial to the rate of parasite invasion, multiplication, and destruction as well as outcome of the disease 7 .
The relationship between Hb genotype and level of protection conferred against severe forms of malaria remains unclear. It was reported by Okam 8 in 2002 that children with heterozygous sickle cell traits have lower parasite rates and less fatal infections as compared to children with HbAA. These children with heterozygous Hb when infected with Plasmodium falciparum are more likely to survive the acute illness due to the presence of human leukocyte antigen (HLA) which has been suggested to play crucial role in the defense of host against malaria infection and reduce susceptibility to severe form of malaria 10 . The HLA-Bw53-restricted cytotoxic T lymphocytes are reported to recognize a conserved epitope of Plasmodium falciparum liver-stage antigen type 1 which is a crucial stage malaria disease progression10. hence children with heterozygous Hb are protected against severe malaria [7] [8] [9] [10] . However, KonoteyAhulu 11, 12 . and Jones 13 in their separate studies observed that children with sickle cell disease are not immuned to cerebral malaria. These findings were corroborated by those observed by Luzzatto in some of his studies 14, 15 . These authors concluded that these groups of individuals die quicker from cerebral malaria and would therefore need chemoprophylaxis against malaria. [11] [12] [13] [14] [15] In a bid to provide more information on the relationship between Hb genotype and level of protection against malaria, this study was undertaken; involving the evaluation of types of Hb genotype in children (6 -60 months old) with severe malaria seen in Children Emergency Room (CHER) of the University of Benin Teaching Hospital (UBTH), Benin City. The study also entailed the determination of the prevalence of severe malaria in children with abnormal Hb genotype, comparison of the prevalence, presentation and outcome of severe malaria between children with abnormal Hb and those with HbAA genotypes.
Patients and Methods
The cross-sectional study was carried out in Children's Emergency Room (CHER) of UBTH, Benin City, Nigeria between January and April 2009. CHER is a 15 bedded unit of the paediatrics department of the hospital. There were at least three nurses on duty per shift. A consultant paediatrician (with sub-specialty interest on emergency paediatrics is incharge of all medical affairs in CHER. There were also two senior registrars and at least one registrar and a paediatrics casualty officer who work on shift basis. The nursing staff and the medical doctors are equipped to take care of common paediatrics emergencies using the principle of patient triage. The unit serves as a transition unit for patients admitted in the main paediatrics ward and has an average patient load of 150 per month.
Subjects were children aged 6 to 60 months admitted for severe malaria based on standard World Health Organization (WHO) guidelines 16 . They were recruited consecutively into the study. Ethics and Research Committee of UBTH, Benin City gave approval for the study. Written informed consent was also obtained from each parent or care-giver of the subjects recruited in the study. Researcher administered validated questionnaire was used to obtained socio-demographic data of each subject, anthropometry, symptoms before presentation, drug treatment and outcome. Outcome was defined as discharged home or dead.
Specimen collection/laboratory procedure
Diagnosis of malaria was supported by demonstration of parasitaemia by microscopy on venous blood or serology (in those with negative parasitaemia who had overwhelming features of severe malaria including response to anti-malarial drugs only). Thick smear was used to determined the parasite density and was described by WHO criteria for malaria parasite density 16, 17 . Thin film was made to identify the species of the malaria parasite. 17 Hb genotype was done by electrophoresis using cellulose acetate paper (Shandon Scientific Co Ltd) as described by Khon. 18 Two millimeter of venous blood washed in a solution of 0.9% normal saline by adding 9.0 mls of normal saline to 1ml of blood. The solution thus formed was centrifuged at 5000 rpm for 5minutes. The supernatant was discarded living the cells. About 3mls of water was added to 1ml of the cell to effect lysis of the red cells. 0.1ml of the haemolysate was then applied to the cellulose acetate strip at pH 8.4 and the strip was placed across the bars of electrophoretic chamber with a positive and negative electrode. The rate of migration on this electrophoresis machine was used to classify the different genotypes. All laboratory results were recorded in a pro-forma.
Data Analysis
Data obtained were entered into a Microsoft Excel 2007 and analyzed using Statistical Package for Social Sciences (SPSS) 13.0 software. Quantitative variables were summarized using means and standard deviations. The significance of association between proportions was tested using chi-square or Fisher's exact tests (where appropriate) while student t-test was used for comparison of means. Binary logistic regression was done to obtain the independent predictors of severe malaria in the subjects using the Hb status (abnormal Hb genotype versus HbAA genotype) as dependent variables. Abnormal genotype is defined as all individual with heterozygous Hb genotype (example HbAS, HbSS, HbAC, etc). 18 The level of significance of each test was set at p < 0.05.
Results
Ninety-six well nourished children; 56(58. Table 1 . Prevalence of severe malaria in subjects with abnormal Hb was 20/24(83.3%) as against 58/68(85.3%) observed in children with HbAA (Fisher's exact; p = 0.75, OR = 0.86). Plasmodium falciparum was the sole specie of malaria parasite identified.
Figure1 shows that subjects with abnormal Hb had significantly lower proportion of malaria parasite densities of 3+ and 4+ (p=0.013) as compared with those with HbAA genotype. Malaria parasite density independently was a significant feature of severe malaria in children with HbAA using Hb status of subjects as dependent variable (β = -0.286, t = -2.30, R2 = 0.215, p = 0.024). Seven (29.2%) of the subjects with abnormal Hb genotype were on malaria chemoprophylaxis. All the subjects (abnormal Hb or HbAA) were treated with intra-venous quinine. Table 3 shows the outcome of severe malaria in children with abnormal Hb and those with HbAA. The odds ratio shows that children with HbAA are 3 times more likely to die from severe malaria (p = 0.567, O.R = 2.96) when compared with their counterpart with abnormal Hb. However none of the symptoms were significant predictors of outcome of severe malaria in neither children with normal Hb genotype nor those with abnormal Hb genotype ( Table 4) . The model fitting information (R2 = 0.13, χ2 = 10.23, df = 10, p = 0.42). Multiple logistic regression models of predictors of outcome of severe malaria (using symptoms at presentation as independent variables) in children with normal Hb and those with abnormal Hb genotypes SE = Standard Error, β = measure of how strongly each predictor variable influences the outcome variables, Exp (β) = Exponential (β)
Discussion
The study revealed a slightly lower prevalence (83.3%) of severe malaria in children with abnormal Hb when compared with the prevalence of 85.3% observed in children with HbAA. This does not support the assertion of selective protective effect against severe malaria conferred on individuals with abnormal Hb (HbAS, HbSS and HbSC). This finding is in contrast to the documentation by Aidoo et al 9 in 2002 which noted that children with genes for HbAS and HbSS had significantly fewer episodes of severe malaria when compared with children with HbAA genotype. Aidoo et al 9 views had been corroborated by Pasvol et al 7 and Okam.8The high degree of polymorphism in human leukocyte antigen genes had been suggested to account for the natural selection against susceptibility to a variety of infectious pathogens including malaria. 10 This phenomenon is also said to play a crucial role in the defense of individuals with abnormal Hb against severe malaria parasitaemia. [10] [11] It may also however be argued that children with HbSS are on malaria chemoprophylaxis and as such, are less likely to have high parasite burden and frequent episodes of malaria including the severe forms. 10 In this present study nearly one-third of subjects were on malaria chemoprophylaxis, yet they presented with severe malaria hence debunking the protective effect of antimalarial chemoprophylaxis against severe malaria.
This study also showed that children with abnormal Hb have significantly lower incidence of heavy malaria parasitaemia when compared with their counterpart with HbAA. This finding is in consonance with that of Aidoo et al 9 in 2002 who observed, that children with abnormal Hb significantly had reduced risks of heavy malaria parasite densities (>10,000 parasites/uL) that is, they usually have lower parasites densities when compared with children with HbAA. The higher parasite density found in children with HbAA as observed in this present study was one of the major features of severe malaria in children with HbAA (R2 = 0.215, p = 0.024) and could offer some explanations for the slightly higher prevalence of severe malaria in children with HbAA as against those with abnormal Hb genotype.
Altered sensorium, prostration and haemoglobinuria were the significant presenting features of severe malaria in children with abnormal Hb in this study. These symptoms are easily recognizable by care-givers at home and hence may warrant their early presentation in health institutions, with attendant improved outcome. 19 To buttress this fact is the better outcome of severe malaria in children with abnormal Hb in this study. Whereas all children with severe malaria and who had abnormal Hb genotype survived and were discharged home, 7.0% of those with HbAA died from severe malaria when compared with children with abnormal Hb (O.R= 2.96). HbAS specifically is associated with protection against mortality in children (2 -16 months) which is the period they are at most risk of severe falciparium malaria. Some authors observed that HbAS is associated with protection against severe anaemia in the presence of any level of malaria parasitaemia, hence these children have lower risk of severe anaemic episodes. [7] [8] [9] Therefore individuals (especially children) infected with Plasmodium falciparum are more likely to survive the acute malaria illness if they have the HbAS genotype. 7, 8, 10, 11 
Conclusion
This study conforms high prevalence of severe malaria and high parasite density in children with HbAA as against those with abnormal Hb. Presence of altered sensorium, prostration and haemoglobinuria are significant presenting features of severe malaria in children with abnormal Hb genotype and may be relied upon in effecting early presentation to competent health facility. 
